
Als gemeinsame Einrichtung von MDC und Charité fördert das Experimental and Clinical Research Center 
die Zusammenarbeit zwischen Grundlagenwissenschaftlern und klinischen Forschern. Hier werden neue 
Ansätze für Diagnose, Prävention und Therapie von Herz-Kreislauf- und Stoffwechselerkrankungen, Krebs 
sowie neurologischen Erkrankungen entwickelt und zeitnah am Patienten eingesetzt. Sie sind eingeladen, 
uns beizutreten. Bewerben Sie sich!
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A previously healthy 26-year-old man 
presented with a 5-day history of fever, nausea, 
and vomiting and a 2-day history of an itchy 
rash. The rash had started behind his ears and 
then spread to his face and entire body. The 
patient was a refugee from a Middle Eastern 
country and had had limited vaccinations. Well-
demarcated erosions were also present on the 
buccal mucosa on both sies of the mouth. 
What is the most likely etiology of these 
erosions?

Aphthous ulcers 

Forchheimer spots

Fordyce spots

Herpes stomatitis

Koplik spots

The appearance of the erosions on the buccal mucosa was 
consistent with Koplik spots. Measles was suspected on the 
basis of this patient’s typical exanthem and enanthem. The 
diagnosis of primary measles infection was confirmed after 
serologic testing for antimeasles IgM and IgG was positive. A 
quantitative real-time polymerase-chain-reaction assay for 
measles virus performed on a blood sample was also positive. 
Treatment with antipyretic medications was initiated. Two 
weeks after presentation, the patient had recovered without 
complications.



Koplik-Flecken
sind ein frühes, wegweisendes Anzeichen 
für Masern. Sie erscheinen 2–3 Tage vor 
dem Hautausschlag als winzige, weiße, 
sandkornartige Flecken auf rotem Grund, 
typischerweise an der Innenseite der 
Wangen (Wangenschleimhaut) 
gegenüber den Backenzähnen. Diese 
hochinfektiösen Läsionen verschwinden 
oft, wenn der Hautausschlag beginnt.

Forchheimer-Flecken
sind kleine, rote Petechien (Punktblutungen) 
auf dem weichen Gaumen, die als flüchtiges 
Enanthem bei Röteln, Scharlach oder 
Masern auftreten. Sie erscheinen oft kurz 
vor oder während des typischen 
Hautausschlags, insbesondere bei Röteln, 
wo sie in etwa 20% der Fälle beobachtet 
werden. Benannt sind sie nach dem Pädiater 
Frederick Forchheimer.

Fordyce-Flecken (oder Fordyce-Drüsen)
sind harmlose, 1-5 mm große, weißlich-
gelbe oder hautefarbene Talgdrüsen, die 
oft an Lippen, im Mundraum oder im 
Genitalbereich auftreten.



Multiple myeloma is a cancer of the bone marrow plasma cells 
that produce antibodies, leading to the buildup of abnormal 
cells, bone destruction, kidney dysfunction, and immune 
system suppression. Common symptoms include severe bone 
pain (often back or ribs), fractures, fatigue, infections, and 
anemia. It typically affects older adults and is managed with 
chemotherapy, targeted therapies, and stem cell transplants.



Refractory myeloma is a type of blood cancer that does not 
respond to treatment or progresses within 60 days of the last 
therapy. It differs from relapsed, where the cancer returns 
after a response. It is often managed with new combinations 
of drugs—such as immunomodulatory drugs, proteasome 
inhibitors, or BCMA-targeted therapies—to overcome 
treatment resistance.
Definition and Types
•Refractory: The disease does not respond to treatment, 
meaning the M-protein level does not decrease, or it 
continues to grow.
•Primary Refractory: The disease fails to achieve at least a 
minimal response to initial therapy.
•Relapsed and Refractory (RRMM): Disease that progresses 
within 60 days of the last treatment in patients who 
previously had a response.
•Double/Triple-Class Refractory: Disease resistant to a 
proteasome inhibitor and an immunomodulatory agent, and 
for triple-class, an anti-CD38 antibody (e.g., daratumumab).

https://www.mymyelomateam.com/resources/refractory-myeloma-what-to-expect-when-the-first-treatment-fails
https://pmc.ncbi.nlm.nih.gov/articles/PMC10251821/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10251821/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10251821/
https://www.youtube.com/watch?v=y9NqCc7K69A
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https://www.google.com/search?q=Relapsed+and+Refractory&oq=refractory+myeloma&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIJCAEQABgTGIAEMgkIAhAAGBMYgAQyCQgDEAAYExiABDIKCAQQABgTGBYYHjIKCAUQABgTGBYYHjIKCAYQABgTGBYYHjIKCAcQABgTGBYYHjIKCAgQABgTGBYYHjIKCAkQABgTGBYYHtIBCDcwMTlqMGo3qAIAsAIA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwj567fHg-WSAxVc_rsIHUyhDI8QgK4QegQIAxAE
https://www.google.com/search?q=Relapsed+and+Refractory&oq=refractory+myeloma&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIJCAEQABgTGIAEMgkIAhAAGBMYgAQyCQgDEAAYExiABDIKCAQQABgTGBYYHjIKCAUQABgTGBYYHjIKCAYQABgTGBYYHjIKCAcQABgTGBYYHjIKCAgQABgTGBYYHjIKCAkQABgTGBYYHtIBCDcwMTlqMGo3qAIAsAIA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwj567fHg-WSAxVc_rsIHUyhDI8QgK4QegQIAxAE
https://www.google.com/search?q=Double%2FTriple-Class+Refractory&oq=refractory+myeloma&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIJCAEQABgTGIAEMgkIAhAAGBMYgAQyCQgDEAAYExiABDIKCAQQABgTGBYYHjIKCAUQABgTGBYYHjIKCAYQABgTGBYYHjIKCAcQABgTGBYYHjIKCAgQABgTGBYYHjIKCAkQABgTGBYYHtIBCDcwMTlqMGo3qAIAsAIA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwj567fHg-WSAxVc_rsIHUyhDI8QgK4QegQIAxAG
https://www.google.com/search?q=Double%2FTriple-Class+Refractory&oq=refractory+myeloma&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIJCAEQABgTGIAEMgkIAhAAGBMYgAQyCQgDEAAYExiABDIKCAQQABgTGBYYHjIKCAUQABgTGBYYHjIKCAYQABgTGBYYHjIKCAcQABgTGBYYHjIKCAgQABgTGBYYHjIKCAkQABgTGBYYHtIBCDcwMTlqMGo3qAIAsAIA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwj567fHg-WSAxVc_rsIHUyhDI8QgK4QegQIAxAG
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Daratumumab plus teclistamab



In a phase 1–2 trial, teclistamab, a bispecific 
antibody targeting CD3 on T-cell surfaces and B-cell 
maturation antigen on myeloma cells, showed 
durable responses in heavily pretreated patients 
with relapsed or refractory multiple myeloma. 
Daratumumab, a monoclonal antibody targeting 
CD38 protein, has shown survival benefit in patients 
with multiple myeloma.
In this phase 3 trial, we randomly assigned patients 
with one to three previous lines of therapy to 
receive combination therapy with teclistamab–
daratumumab or daratumumab combined with 
dexamethasone plus the investigator’s choice of 
pomalidomide (DPd) or bortezomib (DVd) — the 
DPd or DVd group. The primary end point was 
progression-free survival, as assessed by an 
independent review committee.



Multiple myeloma is characterized by progressive immune dysfunction and multiple 
relapses. The treatment of relapsed or refractory multiple myeloma is increasingly 
challenging because the evolving frontline landscape complicates second-line 
treatment selection. Challenges are compounded by limited effective salvage 
treatment options and high attrition. Emerging anti–B-cell maturation antigen (BCMA) 
treatments, including chimeric antigen receptor T-cell (CAR-T) therapy and antibody 
drug conjugates, offer promise, with ciltacabtagene autoleucel therapy resulting in a 
high incidence of minimal residual disease negativity and durable progression-free 
survival. However, off-the-shelf and highly effective regimens are needed to fully 
address the needs of individual patients.
In the phase 1–2 MajesTEC-1 trial, teclistamab, a bispecific antibody targeting CD3 on 
T-cell surfaces and B-cell maturation antigen on myeloma cells and B cells, showed 
deep and durable responses in heavily pretreated patients with relapsed or refractory 
multiple myeloma. Daratumumab, an anti-CD38–targeting monoclonal antibody, is a 
cornerstone of standard treatment regimens for multiple myeloma, with a survival 
benefit across all lines of therapy



Patients
Eligible patients had received one to three lines of antimyeloma therapy, including a proteasome 
inhibitor and lenalidomide, with documented disease progression on or after the last therapy line. 
Patients who had received only one previous line of therapy were required to have lenalidomide-
refractory myeloma, according to the criteria of the International Myeloma Working Group.
Key exclusion criteria were previous BCMA-directed therapy or refractoriness to anti-CD38 
monoclonal antibodies.
Treatments
Patients were randomly assigned in a 1:1 ratio to receive teclistamab–daratumumab or the 
investigator’s choice of standard-care regimens of DPd or DVd — the DPd or DVd group. 
Patients were stratified according to the investigator’s choice of DPd or DVd, the 
International Staging System disease stage (I, II, or III), previous exposure to monoclonal 
antibodies against CD38, and the number of previous lines of therapy (one, two, or three).
End Points and Assessments
The primary end point was progression-free survival, as assessed by an independent review 
committee and defined according to a time-to-event analysis. 



Treatment Response and Minimal Residual 
Disease Negativity (Intention-to-Treat 
Population).

Die Kombination aus Lenalidomid und Bortezomib (oft als RVD/VRd-Schema mit Dexamethason 
ergänzt) ist ein hocheffektiver Standard in der Erstlinienbehandlung des multiplen Myeloms.



Most Common Adverse Events (Safety 
Population).







Cystinosis is a rare, inherited metabolic disorder caused by a genetic CTNS 
mutation that leads to the toxic accumulation of the amino acid cystine within 
lysosomes, forming crystals that damage cells throughout the body, particularly 
the kidneys and eyes. It is a life-long condition requiring lifelong treatment with 
cysteamine, which helps manage crystal buildup and extends kidney function.

Cystein Cystin

Cornea deposits

Cystine is a stable, sulfur-containing amino acid formed by two oxidized cysteine 
molecules, serving as a critical structural component in hair, skin, and nails 
(keratin).

Juvenile
Fanconi 
syndrome 
and renal 
failure



Mechanism of lysosomal cystine depletion by cysteamine (aminothiol). 
Cysteamine enters the lysosome through an unknown transporter and breaks the 
disulfide bond in cystine. This results in formation of cysteine and a new cysteine-
cysteamine mixed disulfide, each of which can exit the lysosome through its own 
transporter.



Lentiviraler Gentransfer bezeichnet die Verwendung von modifizierten Lentiviren (meist 
abgeleitet vom HIV-1) als Vektoren, um genetisches Material in Zielzellen einzuschleusen. Diese 
Methode zeichnet sich vor allem durch die Fähigkeit aus, Gene stabil in das Wirtsgenom zu 
integrieren, was eine dauerhafte Expression ermöglicht.
Kernmerkmale und Funktionsweise
Lentivirale Vektoren nutzen den natürlichen Infektionsmechanismus des Virus, wurden jedoch 
für die Anwendung in Forschung und Klinik weitgehend entkernt, um 
sie replikationsdefizient und damit sicher zu machen.
•Zielzellen: Im Gegensatz zu anderen Retroviren können Lentiviren sowohl sich teilende als 
auch nicht-teilungsfähige (post-mitotische) Zellen wie Neuronen oder Stammzellen infizieren.
•Ablauf (Transduktion):

1.Bindung & Eintritt: Der Vektor bindet über Oberflächenproteine an die Zellmembran und 
setzt seine RNA im Zytoplasma frei.
2.Reverse Transkription: Die virale RNA wird durch die mitgelieferte Reverse Transkriptase 
in DNA umgeschrieben.
3.Integration: Die DNA wird in den Zellkern transportiert und dort durch das Enzym 
Integrase dauerhaft in das Genom der Wirtszelle eingebaut.

•Kapazität: Sie können relativ große Gensequenzen von bis zu 8–10 kb transportieren.



Viral vector platforms within the gene therapy landscape

In vivo gene therapy entails the direct administration of vector carrying a 
therapeutic transgene into the patient. Ex vivo gene therapy involves the 
extraction of a patient’s cells or from an allogenic source, genetic modification 
by a vector carrying a therapeutic transgene, selection and expansion in 
culture, and infusion to re-introduce the engineered cells back into the 
patient.

HSCs



The Core Mechanism: Cross-Correction via Macrophages
Cystinosis is caused by a defect in the CTNS gene, leading to the accumulation of 
cystine within lysosomes, which damages tissues, particularly the kidneys and eyes.

•HSC Differentiation: Transplanted, gene-modified HSCs engraft in the bone 
marrow and differentiate into myeloid cells, such as macrophages and microglia.
•Tissue Migration: These modified, functional macrophages migrate to tissues 
suffering from the disease, such as the kidneys, eyes, and brain.
•Tunneling Nanotubes: Once in the tissues, these new, healthy cells establish 
"tunneling nanotubes" (cellular bridges) with the surrounding diseased cells.
•Lysosomal Transfer: Through these tubes, the healthy cells transfer 
functional, CTNS-carrying lysosomes to the diseased cells, breaking down the 
accumulated cystine and "cross-correcting" them.

Expressing the CTNS gene in hematopoietic stem cells (HSCs) is designed to 
cure cystinosis by turning blood-forming stem cells into delivery vehicles that transport 
a functional cystine transporter (cystinosin) to damaged tissues throughout the body.



Cystinosis is a multisystemic lysosomal storage disorder caused by pathogenic variants in CTNS, the 
gene encoding cystinosin, a lysosomal transmembrane cystine transporter. In patients with cystinosis, 
cystine accumulates within lysosomes in all organs. The cystine-depleting agent cysteamine delays 
but does not prevent disease progression.
Methods
In this phase 1–2, open-label, ongoing clinical study, we performed a preliminary assessment of 
CTNS-RD-04, which consists of autologous CD34+ cells transduced with lentiviral vectors carrying 
CTNS complementary DNA, in patients with cystinosis. The primary end points were the safety and 
the side-effect profiles of CTNS-RD-04. Secondary end points were measures of efficacy, including 
white-cell cystine levels and cystine storage depletion. Oral cysteamine was withdrawn before CTNS-
RD-04 infusion, and cysteamine eyedrops were withdrawn 1 month after myeloablation.
Conclusions
In this small study, CTNS-RD-04, an ex vivo gene therapy for cystinosis, had adverse effects that were 
largely consistent with the myeloablative regimen and underlying disease profile. White-cell cystine 
levels decreased after therapy.



Cystinosis is a rare autosomal recessive lysosomal storage disease that places a tremendous 
burden on patients and caregivers and has poor outcomes, despite the availability of cystine-
reducing treatment with cysteamine. The disease is caused by pathogenic variants or deletions in 
the ubiquitous gene CTNS (17p13.2), which encodes cystinosin, a lysosomal transmembrane 
cystine transporter, and leads to the accumulation of cystine within lysosomes and cystine crystals 
within tissues. Three allelic forms of cystinosis exist, the most severe and most common of which 
is the infantile form (Online Mendelian Inheritance in Man number, 219800). Renal Fanconi’s 
syndrome develops in affected children by 6 to 18 months of age, and chronic kidney disease 
(CKD) eventually leads to end-stage kidney disease (ESKD). Nonrenal complications of cystinosis 
include photophobia and corneal erosion, cardiovascular complications, diabetes mellitus, 
hypothyroidism, bone deformities and fragility, neurologic defects, and progressive myopathy that 
can result in life-threatening respiratory dysfunction, dysphagia, and aspiration pneumonia.
Intracellular cystine reduction with the cystine-depleting agent cysteamine allows cystine to exit 
cells and slows the progression of the disease. To reduce corneal cystine crystal accumulation, 
cysteamine eyedrops are needed every hour during the time the person is awake. Premature 
death is inevitable, despite these therapies.



Drug-Product Manufacturing and Infusion Procedures
Before the drug-product infusion, patients received conditioning with busulfan with a target 
area under the curve (AUC) of 85 to 90 mg per liter per hour, a dose selected because it 
provides an effective level of myeloablation with an acceptable side-effect profile. Oral 
cysteamine treatment was discontinued 2 weeks before myeloablation conditioning with 
busulfan, and cysteamine eyedrops were discontinued 1 month after such conditioning; 
CTNS-RD-04 was infused intravenously.
To obtain CD34+ HSPCs, each patient underwent leukapheresis, and CD34+ HSPCs were 
selected after mobilization with granulocyte colony-stimulating factor, administered for 4 
days, and plerixafor, administered for 1 day. Positive selection of CD34+ cells was performed 
before lentiviral vector transduction. In the course of this study, two different lentiviral 
vectors were used to generate a CTNS-RD-04 product, the pCCL-CTNS vector (for use in 
Patients 1, 2, and 3) and the pCDY-CTNS vector (for use in Patients 4, 5, and 6), the latter to 
prepare for transition to a commercially compatible vector.
End Points
The patients attended regular follow-up visits at which blood samples were obtained 
and the patients were assessed for adverse events and disease progression. 



Major Adverse Events.
Demographics

Patient 1 has CKD, 2-6 are renal transplant patients







Discussion
The interim analysis of this study involving six patients with cystinosis supports the safety of gene-
modified autologous CD34+ cell transplantation, with findings that suggest an acceptable risk–benefit 
profile and support continued clinical development of CTNS-RD-04 for the treatment of cystinosis. 
Evidence of sustained donor-cell engraftment was observed during follow-up (>5 years in one patient) 
with stable gene marking and CTNS expression in peripheral blood and tissues after infusion of CTNS-
RD-04. None of the adverse events appeared to be related to CTNS-RD-04, and no fatal or life-
threatening adverse events, clonal expansions, or leukoproliferative complications were reported. We 
interpret the results of our study to suggest that this approach may provide a therapeutic advance for 
patients with nephropathic cystinosis and suggest a need for additional study.
The peripheral-blood white-cell cystine level is an established surrogate marker for the diagnosis and 
therapeutic monitoring of cystinosis. A decrease in cystine levels was observed by both the classic 
mixed white-cell cystine assay and purified granulocyte cystine determination, and results were 
associated with the vector copy number in the hematopoietic cell progeny. These results, along with 
those from longer follow-up periods, will be necessary to assess the therapeutic threshold of CTNS-
RD-04 more completely.
Cystine crystal levels in the intestinal mucosa–biopsy samples, estimated with the method described 
previously by Dohil and colleagues, were lower after gene therapy in three patients. A decrease from 
baseline in cystine crystals in the skin, as assessed by the intradermal confocal microscopy method, 
occurred in four patients.



Myotonic dystrophy type 1 (DM1), or Steinert disease, is a genetic disorder characterized 
by progressive muscle wasting, weakness, and myotonia (inability to relax muscles). It 
affects muscles in the face, neck, and limbs, along with the heart, eyes, and brain. Caused by 
a triplet repeat expansion in the DMPK gene on chromosome 19, it is an autosomal dominant 
condition with symptoms often appearing in adulthood.

Key Aspects of Myotonic Dystrophy Type 1
•Symptoms: Muscle weakness (especially in the face/jaw, 
causing a "hatchet-faced" appearance) and stiffness (myotonia), 
which often manifests as difficulty releasing a grip. Other 
common symptoms include early-onset cataracts, cardiac 
arrhythmias (heart rhythm issues), daytime sleepiness, and 
digestive issues, as well as insulin-resistant diabetes.
•Inheritance: Inherited in an autosomal dominant pattern, 
meaning a 50% chance of passing the gene to children. It 
displays "genetic anticipation," where the disease often becomes 
more severe and appears earlier in successive generations due to 
expansion of the repeat.

https://www.google.com/search?q=Myotonic+dystrophy+type+1&oq=myotonic+dystrophy+type+1&gs_lcrp=EgZjaHJvbWUyCQgAEEUYORiABDIICAEQABgWGB4yCAgCEAAYFhgeMggIAxAAGBYYHjIICAQQABgWGB4yCAgFEAAYFhgeMggIBhAAGBYYHjIICAcQABgWGB4yCAgIEAAYFhgeMggICRAAGBYYHtIBCTE3OTMzajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwiTg8npkuWSAxU7QvEDHYGmHosQgK4QegYIAQgAEAo
https://www.google.com/search?q=Steinert+disease&oq=myotonic+dystrophy+type+1&gs_lcrp=EgZjaHJvbWUyCQgAEEUYORiABDIICAEQABgWGB4yCAgCEAAYFhgeMggIAxAAGBYYHjIICAQQABgWGB4yCAgFEAAYFhgeMggIBhAAGBYYHjIICAcQABgWGB4yCAgIEAAYFhgeMggICRAAGBYYHtIBCTE3OTMzajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwiTg8npkuWSAxU7QvEDHYGmHosQgK4QegYIAQgAEAs
https://www.google.com/search?q=myotonia&oq=myotonic+dystrophy+type+1&gs_lcrp=EgZjaHJvbWUyCQgAEEUYORiABDIICAEQABgWGB4yCAgCEAAYFhgeMggIAxAAGBYYHjIICAQQABgWGB4yCAgFEAAYFhgeMggIBhAAGBYYHjIICAcQABgWGB4yCAgIEAAYFhgeMggICRAAGBYYHtIBCTE3OTMzajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwiTg8npkuWSAxU7QvEDHYGmHosQgK4QegYIAQgAEA0
https://www.google.com/search?q=DMPK+gene&oq=myotonic+dystrophy+type+1&gs_lcrp=EgZjaHJvbWUyCQgAEEUYORiABDIICAEQABgWGB4yCAgCEAAYFhgeMggIAxAAGBYYHjIICAQQABgWGB4yCAgFEAAYFhgeMggIBhAAGBYYHjIICAcQABgWGB4yCAgIEAAYFhgeMggICRAAGBYYHtIBCTE3OTMzajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwiTg8npkuWSAxU7QvEDHYGmHosQgK4QegYIAQgAEA8
https://www.google.com/search?q=genetic+anticipation&oq=myotonic+dystrophy+type+1&gs_lcrp=EgZjaHJvbWUyCQgAEEUYORiABDIICAEQABgWGB4yCAgCEAAYFhgeMggIAxAAGBYYHjIICAQQABgWGB4yCAgFEAAYFhgeMggIBhAAGBYYHjIICAcQABgWGB4yCAgIEAAYFhgeMggICRAAGBYYHtIBCTE3OTMzajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwiTg8npkuWSAxU7QvEDHYGmHosQgK4QegYIAQgCEAI


Das DMPK-Gen (Dystrophia Myotonica Protein Kinase) kodiert 
für ein Enzym, das eine entscheidende Rolle bei der 
Aufrechterhaltung der Struktur und Funktion von 
Skelettmuskeln, Herz und Gehirnzellen spielt. Mutationen in 
diesem Gen sind die Ursache für die Myotone Dystrophie Typ 1 
(DM1), die häufigste Form der Muskeldystrophie bei 
Erwachsenen.

In der Genetik und Zellbiologie steht DMPK für die Dystrophia 
Myotonica Protein Kinase. Dies ist ein Enzym (eine 
Serin/Threonin-Kinase), das vom gleichnamigen DMPK-Gen auf 
Chromosom 19 kodiert wird.
•Funktion: Es spielt eine entscheidende Rolle bei der 
Kommunikation innerhalb von Zellen, insbesondere in Muskel-, 
Herz- und Gehirnzellen.
•Muskelsteuerung: Das Enzym reguliert Strukturen in 
Muskelzellen, indem es andere Proteine beeinflusst. 
Beispielsweise "schaltet" es die Myosin-Phosphatase aus, ein 
Enzym, das für das Anspannen und Entspannen von Muskeln 
zuständig ist.
•Krankheitsbezug: Mutationen in diesem Gen (speziell CTG-
Wiederholungen) verursachen die Myotone Dystrophie Typ 1 
(Steinert-Erkrankung), eine Form des Muskelschwunds

Dystrophia Myotonica 

CTG triplet expansion



Muscleblind-like (MBNL) Proteine sind eine evolutionär konservierte Familie von RNA-
bindenden Proteinen (RBPs), die eine zentrale Rolle bei der Regulation des RNA-Metabolismus 
spielen. 

A toxic mRNA that needs to be destroyed

Long hairpin



Delpacibart-Etedesiran (Del-Desiran, ehemals AOC 1001) ist ein 
neuartiges Antikörper-Oligonukleotid-Konjugat (AOC) zur Behandlung der 
Myotonen Dystrophie Typ 1 (DM1), entwickelt von Avidity Biosciences. Es 
reduziert die toxische DMPK-mRNA im Muskelgewebe, um die Ursache der 
Erbkrankheit zu bekämpfen. Die FDA hat den Wirkstoff als "Breakthrough 
Therapy" eingestuft.
Wichtige Fakten zu Delpacibart-Etedesiran:
•Wirkmechanismus: Es kombiniert einen monoklonalen Antikörper, der an 
den Transferrinrezeptor 1 (TfR1) bindet, mit einer siRNA, die den Abbau 
der DMPK-mRNA induziert. Dies ermöglicht die gezielte Abgabe der siRNA 
in Muskelzellen.
•Indikation: Behandlung der myotonen Dystrophie Typ 1 (DM1), einer 
seltenen, progressiven Muskelerkrankung.
•Klinische Entwicklung: Der Wirkstoff wird in der Phase-3-Studie 
HARBOR™ untersucht.
•Ergebnisse: Daten der MARINA-Studie zeigten eine Verbesserung der 
Handmuskelfunktion (vHOT), Muskelkraft und der Aktivitäten des täglichen 
Lebens.
•Status: Die FDA hat den Status „Breakthrough Therapy“, „Orphan Drug“ 
und „Fast Track“ erteilt, zudem gibt es den „Orphan“-Status in Europa und 
Japan.

Antibody vector connected to an oligonucleotide 

Shuts down the toxic mRNA

https://www.aviditybiosciences.com/pipeline/dm1
https://www.nejm.org/doi/full/10.1056/NEJMoa2407326
https://www.nejm.org/doi/full/10.1056/NEJMoa2407326
https://www.nejm.org/doi/full/10.1056/NEJMoa2407326


Myotonic dystrophy type 1 is a rare, dominantly inherited, progressive, 
disabling, neuromuscular disease that leads to decreased life 
expectancy and has no approved therapies. The disease is caused by a 
trinucleotide repeat expansion in DMPK, which encodes myotonic 
dystrophy type 1 protein kinase and imparts a toxic gain of function to 
the transcribed messenger RNA (mRNA), resulting in dysregulated 
alternative splicing (missplicing). Delpacibart etedesiran (del-desiran 
[AOC 1001]) is a monoclonal antibody–oligonucleotide conjugate. The 
antibody component targets transferrin receptor 1, and the 
oligonucleotide component targets DMPK mRNA.
In this phase 1–2, multicenter, double-blind, randomized, placebo-
controlled trial, we assigned participants with myotonic dystrophy type 
1 to receive del-desiran intravenously in a single dose (1 mg per 
kilogram of body weight) or three doses (2 mg or 4 mg per kilogram) or 
placebo. The primary end point was safety, and secondary end points 
were the pharmacokinetic and pharmacodynamic profiles of del-desiran 
and changes in downstream aberrant splicing patterns at 43 days in the 
1-mg group and at 92 days (49 days after the second dose) in the 2-mg 
and 4-mg groups.

Muscleblind-
like protein



Myotonic dystrophy type 1 is a rare, autosomal-dominant, progressive disorder that affects multiple 
organ systems, primarily skeletal and smooth muscle and the cardiac conduction system, resulting 
in decreased life expectancy. Adult-onset myotonic dystrophy type 1 is characterized by myotonia 
and progressive muscle weakness leading to deficits in hand function, impaired mobility, respiratory 
insufficiency, dysarthria, dysphagia, and gastrointestinal motility disorders. Currently there are no 
disease-modifying therapies for myotonic dystrophy type 1.
The disorder is caused by a CTG expansion in the 3ʹ-untranslated region of the myotonic dystrophy 
type 1 protein kinase gene (DMPK) that results in a toxic gain-of-function transcript through the 
formation of hairpin–loop structures. These sequester RNA-regulating proteins, including 
muscleblind-like proteins, and result in global splicing defects that lead to diverse disease 
manifestations. Several therapeutic approaches have aimed at reducing levels of toxic DMPK 
messenger RNA (mRNA), including antisense oligonucleotides and gene therapy; however, effective 
delivery of these agents to muscle has remained a challenge.
Delpacibart etedesiran (del-desiran [AOC 1001]) is an antibody–oligonucleotide conjugate 
developed to treat the underlying cause of myotonic dystrophy type 1 by delivering a small 
interfering RNA (siRNA) that induces degradation of DMPK mRNA through the endogenous RNA-
induced silencing complex, thereby reducing the sequestration of muscleblind-like proteins and 
other splicing factors.



Because siRNAs are approximately 12 kDa and water soluble, siRNA uptake by extrahepatic cells 
has been problematic. Del-desiran delivers siRNA to muscle through conjugation of the siRNA to 
a monoclonal antibody targeting transferrin receptor 1 (TfR1), which allows for TfR1-mediated 
internalization of the antibody–oligonucleotide conjugate. In mice and monkey models, 
antibody–oligonucleotide conjugates were shown to deliver oligonucleotides to skeletal and 
cardiac (striated) muscle tissue at concentrations that were 15 times as high as concentrations of 
oligonucleotides delivered by unconjugated siRNA. The MARINA trial was a phase 1–2 clinical 
trial involving adults with myotonic dystrophy type 1 that was designed to evaluate single and 
multiple doses of del-desiran for safety, delivery to muscle, and activity.



Methods
Trial Design and Treatments
MARINA was a multicenter, 6-month, two-part, double-blind, randomized, placebo-controlled 
trial. In Part A, participants received del-desiran in a single infusion at a dose of 1 mg per 
kilogram of body weight or placebo (saline). Part B had a nested single-dose and multiple-
ascending-dose design; participants received three infusions of del-desiran at a dose of 2 mg or 
4 mg per kilogram or placebo at approximately 6-week intervals. Both parts included a 3-month 
follow-up period.
The siRNA component of del-desiran was designed to hybridize with the 3ʹ untranslated region 
of the DMPK mRNA transcript upstream from the CUG expansion. The nucleotides that comprise 
the siRNA are modified to enhance its metabolic stability. The linker connecting the siRNA 
moiety to the antibody targeting TfR1 is conjugated to the 5ʹ terminus of the siRNA passenger 
strand. 
Participant Selection
Participants were recruited from eight centers in the United States. 
Objectives and End Points
The primary objective of the trial was to evaluate the safety and side-effect profile of single and 
multiple doses of del-desiran. 





Demographic and Clinical Characteristics 
of the Participants at Baseline.

Adverse events

Treatment was stopped in one patient. The severe, serious adverse event 
in the participant in the 4-mg group was deemed to be related to del-
desiran; it was reported as symptoms of memory loss and visual 
impairment during the 24-hour post-treatment observation period after 
the first infusion of 4 mg per kilogram of del-desiran.





Muscle blind-like 
protein



An Antibody–Oligonucleotide Conjugate for Myotonic 
Dystrophy Type 1.
Myotonic dystrophy type 1 is a multisystemic disease that 
affects multiple organ systems (left side of human figure) as 
well as skeletal muscle (highlighted on right side of human 
figure) (Panel A). Delpacibart etedesiran (del-desiran 
[AOC1001]) is a conjugate of a monoclonal antibody that binds 
the transferrin receptor 1 (which is highly expressed in skeletal 
muscle) and a small interfering RNA (siRNA) targeting DMPK 
messenger RNA (mRNA) (Panel B). In a phase 1 trial, Johnson et 
al. delivered del-desiran intravenously to patients with 
myotonic dystrophy type 1. After receptor-mediated 
endocytosis, the siRNA component of del-desiran is released 
and incorporated into the RNA-induced silencing complex 
(RISC). RISC guides the siRNA to its complementary sequence in 
DMPK mRNA, which promotes the cleavage and degradation of 
the DMPK mRNA. Although RISC-mediated DMPK mRNA 
degradation is illustrated here in the nucleus where mutant 
DMPK mRNA is trapped into hallmark nuclear foci, the precise 
location is unclear because RISC-mediated mRNA degradation 
typically occurs primarily in the cytoplasm. Johnson et al. 
reported a reduction in DMPK mRNA levels and correction of 
downstream splicing defects in the muscle tissue of trial 
participants.

Muscleblind-like (MBNL) proteins are RNA binding 
proteins



Implications for Myotonic Dystrophy and Beyond
Johnson et al. have shown siRNA uptake by skeletal muscle, dose-dependent reductions in DMPK 
mRNA, and the amelioration of missplicing of myotonic dystrophy–relevant mRNA transcripts. These 
findings validate the concept that reducing toxic RNA can restore splicing regulation. Findings for 
exploratory functional end points are consistent with improvements in hand-opening time and 
quantitative muscle strength. However, the occurrence of a bilateral thalamic brain hemorrhage in one 
of the participants represents a safety signal and underscores the importance of careful safety 
monitoring in future trials.
Although the RNA gain-of-function mechanism in myotonic dystrophy type 1 has been well studied, 
other mechanisms mediated by the DMPK CTG repeat expansion have been reported. These include 
bidirectional transcription and repeat-associated non-AUG translation: it would be important to 
understand how they are affected by del-desiran. In addition, there are substantial neurologic and 
multisystemic components to myotonic dystrophy type 1 that will not be addressed by targeting 
skeletal muscle. Adapting the antibody–oligonucleotide approach to target the central nervous system 
and other tissues would be a major endeavor and require preclinical assessments of safety, 
neurotoxicity, and strategies for penetrating the blood–brain barrier.
The antibody-targeted delivery of siRNAs described by Johnson et al. shows strong potential to address 
the skeletal-muscle spliceopathy of myotonic dystrophy type 1. More generally, the trial represents an 
advance in the field of pathogenic repeat expansions and neuromuscular disorders.

https://illustrated-glossary.nejm.org/term/bloodbrain_barrier
https://illustrated-glossary.nejm.org/term/bloodbrain_barrier
https://illustrated-glossary.nejm.org/term/bloodbrain_barrier


Der transkatheter Aortenklappenersatz (TAVR oder TAVI) ist ein minimalinvasives 
Verfahren zur Behandlung einer verengten Aortenklappe (Aortenstenose), bei dem eine 
neue Klappe via Katheter – meist über die Leiste – eingeführt wird, ohne den Brustkorb 
zu öffnen. Es eignet sich für Patienten mit hohem, mittlerem oder geringem 
Operationsrisiko, ermöglicht eine schnelle Genesung und wird oft als Alternative zur 
offenen Herzoperation (SAVR) eingesetzt.

Sapiens valve

https://www.google.com/search?q=transkatheter+Aortenklappenersatz&oq=tavr&gs_lcrp=EgZjaHJvbWUqBwgAEAAYgAQyBwgAEAAYgAQyBwgBEAAYgAQyBwgCEAAYgAQyBwgDEC4YgAQyBwgEEAAYgAQyBwgFEC4YgAQyBwgGEC4YgAQyBwgHEAAYgAQyDQgIEC4YrwEYxwEYgAQyBwgJEAAYgATSAQgyMDkyajBqN6gCALACAA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwji7N-gnuWSAxXNVvEDHUIDCQQQgK4QegYIAQgAEAQ


Five-year data from the PARTNER 3 trial showed that among 
low-risk patients with severe, symptomatic aortic stenosis, 
outcomes were similar among patients who had undergone 
transcatheter aortic-valve replacement (TAVR) and those who 
had undergone surgical aortic-valve replacement. Longer-term 
assessments of clinical outcomes and valve durability are 
needed.
Patients were randomly assigned in a 1:1 ratio to undergo 
transfemoral TAVR or surgery. The first primary end point was a 
nonhierarchical composite of death, stroke, or rehospitalization 
related to the procedure, the valve, or heart failure. The second 
primary end point was a hierarchical composite of death, 
disabling stroke, nondisabling stroke, and the number of 
rehospitalization days related to the procedure, the valve, or 
heart failure, analyzed with the use of a win ratio analysis. 
Clinical, echocardiographic, valve-durability, and health-status 
end points were assessed through 7 years.



Transcatheter aortic-valve replacement (TAVR) has been increasingly used as an 
alternative to surgery for treating patients with severe, symptomatic aortic stenosis. 

Randomized trials have shown that in patients at low, intermediate, or high surgical risk, 
TAVR was superior or similar to surgical aortic-valve replacement through 5 years of 
follow-up. As reported previously, the Placement of Aortic Transcatheter Valves 
(PARTNER) 3 trial showed that the incidence of death, stroke, or rehospitalization (the 
primary composite end point) at 1, 2, and 5 years after TAVR was lower than or was not 
different from that with surgery in younger, low-risk patients. Late bioprosthesis failure 
after aortic-valve implantation remains an important consideration in lifelong patient-
care decisions. Here, we describe the 7-year clinical and echocardiographic results of the 
PARTNER 3 trial.
Patients
Patients were eligible for inclusion if they had symptomatic, severe aortic stenosis and 
were considered to have low surgical risk on the basis of an evaluation by the heart team, 
including a score of less than 4% on the Society of Thoracic Surgeons Predicted Risk of 
Mortality (STS-PROM; scores range from 0 to 100%, with higher scores indicating a 
greater risk of death within 30 days after the procedure). 



Key Clinical End Points











A 74-year-old man was transported to the emergency department by ambulance for sudden onset of 
weakness in the right side of his face and in his right arm and leg and slurred speech, which had 
begun 6 hours earlier. The National Institutes of Health Stroke Scale score was 4 (on a scale of 0 to 42, 
with higher scores indicating more severe neurologic impairment), and he had mild facial and upper 
and lower limb weakness and dysarthria on examination. A computed tomographic (CT) scan of the 
head was unremarkable, and a CT angiogram of the head and neck showed no stenosis or large-
vessel occlusion. A magnetic resonance imaging (MRI) scan of the head later revealed a 1-cm infarct 
in the left posterior limb of the internal capsule, with hyperintensity on diffusion-weighted 
sequences. The patient has hypertension and hyperlipidemia treated with daily lisinopril (10 mg) and 
atorvastatin (10 mg), and his most recent glycated hemoglobin level was 6.5%. He is a nonsmoker, 
drinks alcohol occasionally, and maintains a healthy diet, but he has been less active in recent years 
because of joint pain. His body-mass index (the weight in kilograms divided by the square of the 
height in meters) is 32. How would you treat this patient to reduce his risk of another ischemic 
stroke?







Mechanisms of Ischemic Stroke. Common Diagnostic Studies to Aid in 
Secondary Stroke Prevention.



Conclusions and Recommendations
The patient described in the vignette has a lacunar ischemic stroke with multiple 
cardiovascular risk factors and evidence of insulin resistance. We would prescribe 
aspirin and clopidogrel for 21 days, followed by aspirin at a dose of 81 mg daily 
thereafter, and would intensify his blood-pressure treatment with indapamide to 
reach a blood pressure of less than 130/80 mm Hg. We would also favor increasing 
his lipid-lowering therapy to meet an LDL cholesterol goal of less than 70 mg per 
deciliter, initially with the dose of atorvastatin increased to 80 mg per day. We 
would counsel the patient on lifestyle management, including a structured weight-
loss program. Ongoing monitoring of adherence to therapy and prevention goals is 
important.

Hb A1C below 5.7%, 
I would add an 
SGLT2 inhibitor





Presentation of Case
A 91-year-old man presented to the emergency department of this hospital because of 
worsening dyspnea on exertion, weight loss, and eosinophilia.
The patient had been in his usual state of health, with the ability to walk on level ground 
and ascend stairs and hills without limitations, until 8 months before the current 
admission, when progressive dyspnea on exertion developed, along with new difficulty 
walking up hills and stairs. These symptoms were accompanied by sinus congestion, 
rhinorrhea, and anosmia. A physical examination performed by his primary care physician 
showed no murmurs, wheezing, or peripheral edema. A complete blood count showed a 
normal hemoglobin level and a normal platelet count and total white-cell count; the 
absolute eosinophil count was elevated, at 1280 per microliter (reference range, 0 to 500). 
Treatment with umeclidinium was started.

Umeclidiniumbromid ist ein langwirksamer Muskarinrezeptor-Antagonist (LAMA), der als 
inhalative Erhaltungstherapie (meist 1-mal täglich 55 µg) zur Symptomlinderung bei chronisch-
obstruktiver Lungenerkrankung (COPD) bei Erwachsenen eingesetzt wird



On the day of the current admission, the patient noticed 
progressive dyspnea while descending stairs, which prompted 
him to seek care with his primary care physician, who was 
affiliated with this hospital. At the time of initial evaluation, 
the oxygen saturation, obtained after ambulation while the 
patient was breathing ambient air, was 70%. He was 
immediately referred to the emergency department of this 
hospital. On his arrival at the emergency department, the 
oxygen saturation was 95% while he was at rest and breathing 
ambient air; other vital signs were normal.
A chest radiograph obtained in the emergency department 
showed a decrease in the size of the opacities in the right 
lower lobe and no change in the size of the opacities in the 
left lower lobe, as compared with the findings seen on 
radiography 2 months earlier. New small bilateral pleural 
effusions were present. The fluctuating size of the lung 
opacities, in association with pleural fluid, suggests a 
recurrent or persistent process rather than a single acute 
event.



On examination, the oral temperature was 35.6°C, the blood pressure 98/54 mm Hg, the 
pulse 71 beats per minute, the respiratory rate 20 breaths per minute, and the oxygen 
saturation 93% while the patient was breathing ambient air. No jugular venous distention or 
murmur was detected, but the heart rhythm was irregularly irregular. Diffuse wheezing was 
present on auscultation, without crackles or diminished breath sounds. He had no rash, 
palpable organomegaly, or lymphadenopathy.
The white-cell count was 37,780 per microliter (reference range, 4000 to 11,000), with an 
absolute eosinophil count of 27,390 per microliter. The platelet count was normal, and the 
hemoglobin level was 12.8 mg per deciliter (reference range, 13.5 to 17.5). Examination of a 
peripheral-blood smear revealed an elevated number of mature eosinophils along with 
normal red-cell and platelet morphologic features. The blood levels of vitamin B12, alanine 
aminotransferase, aspartate aminotransferase, bilirubin, alkaline phosphatase, electrolytes, 
urea nitrogen, and creatinine were all within normal limits. The N-terminal pro–B-type 
natriuretic peptide (NT-proBNP) level was 4300 pg per milliliter (age-adjusted reference 
range, 0 to 1800). Serial measurements of the high-sensitivity troponin T level were 
elevated, at 56 ng per liter (reference range, 0 to 14), without a change over time.



Tryptase is measured primarily as a diagnostic 
marker for mast cell activation, specifically to 
confirm anaphylaxis (severe allergic reactions) 
and diagnose mastocytosis or mast cell 
activation syndrome (MCAS). It acts as a "silent 
witness" to mast cell degranulation, with 
elevated blood levels indicating that these cells 
have released mediators into the circulation



Die Hydronephrose und 
Blasensteine sind ein 
Nebenbefund.



Eosinophilia
Eosinophilia, defined as an absolute eosinophil count of at least 1500 per microliter, is 
associated with a broad range of diseases and requires a methodical diagnostic approach. 
Moreover, the mechanisms underlying hypereosinophilic syndromes remain poorly 
understood, with a plurality of cases characterized as idiopathic. Competing classification 
systems of hypereosinophilic syndromes can be confusing and reflect the difficulty in 
defining discrete disease subtypes and the clinically significant overlap among subtypes. No 
single set of definitions fits all clinical settings. For the purpose of constructing a differential 
diagnosis in this case, I will focus on a modified version of the classification system 
proposed by Klion, which I think best aligns with the perspective of the consulting 
hematologist in this case.
The first step in evaluating a patient with eosinophilia is to rule out all secondary 
(nonhematologic) causes. Then, the eosinophilia is categorized into one of the five major 
classes of hypereosinophilic syndrome, which we consider to be primary hematologic forms 
of hypereosinophilia.



Earlier, Churg-Strauss



Overlap Hypereosinophilic Syndrome
Overlap hypereosinophilic syndrome includes eosinophilic disorders that are restricted to a single 
organ system (e.g., eosinophilic esophagitis, eosinophilic fasciitis, and eosinophilic pneumonia), as well 
as clinically defined eosinophilic syndromes that have features that overlap with other forms of 
hypereosinophilic syndromes. An important subtype of overlap hypereosinophilic syndrome is 
eosinophilic granulomatosis with polyangiitis (EGPA), formerly known as the Churg–Strauss syndrome. 

EGPA is a mixed allergic and vasculitic disorder that is classically associated with a prodrome of allergic 
rhinitis, chronic sinusitis, and adult-onset asthma that can persist for years. The second phase is 
characterized by eosinophilia and end-organ involvement, followed by a third phase, in which small-
vessel vasculitis causes clinical manifestations. Other commonly observed features of EGPA include 
pulmonary involvement with eosinophil infiltration that causes waxing and waning opacities on 
radiography, peripheral neuropathy, and signs of cardiac involvement such as cardiomyopathy, 
pericardial effusion, and valvular insufficiency.
The pathogenesis of EGPA remains unclear. Although overproduction of interleukin-5 appears to be a 
crucial mediator of the disease process, EGPA is not typically associated with an aberrant clonal T-cell 
population. EGPA is also not associated with a risk of malignant transformation, as is seen with 
lymphocytic hypereosinophilic syndrome. Nevertheless, the central role of interleukin-5 in EGPA is 
evidenced by the high incidence of response that occurs with anti–interleukin-5 therapy. 
Approximately 30 to 40% of patients with EGPA have detectable circulating antineutrophil cytoplasmic 
antibodies (ANCA), and thus, EGPA is classified as an ANCA-associated vasculitis. 



Diagnostic Testing
The following tests were ordered: an ANCA assay to establish the diagnosis of EGPA, flow 
cytometry to rule out clonal T-cell aberrations as a cause of eosinophilia, and nucleic acid 
testing for specific somatic gene fusions: the FIP1L1–PDGFRA and BCR–ABL1 fusions and 
the fusion of FGFR1 with other genes. A rapid heme panel was performed to rule out 
myeloproliferative or myelodysplastic states that cause eosinophilia.
This patient had a c-ANCA pattern on immunofluorescence staining, and an ELISA for 
antibodies against PR3 was positive at a titer of more than 100 U per milliliter (reference 
value, <20). Approximately 60 to 80% of patients with microscopic polyangiitis have a p-
ANCA pattern on immunofluorescence staining, whereas 80 to 90% of patients with 
granulomatosis with polyangiitis have a c-ANCA pattern. ANCA is less predictable in 
patients with EGPA, with 50% of patients having a negative test for ANCA and 30 to 40% 
having a p-ANCA pattern on immunofluorescence staining. Only 5% of patients with EGPA 
have a c-ANCA pattern — the pattern that was seen in this patient. ANCA positivity in this 
patient’s presentation is consistent with a diagnosis of EGPA. Interestingly, EGPA is unique 
within the ANCA-associated vasculitis spectrum because it is manifested by both 
hematologic (eosinophilia) and atopic (allergic airway disease) features before vasculitic 
features develop.



This patient was treated with both systemic glucocorticoids and, benralizumab (anti IL-5), 
which resulted in a marked abatement of his symptoms. Dyspnea decreased substantially 
during the subsequent 4 weeks. The absolute eosinophil count decreased to 0 per microliter 6 
weeks after treatment initiation. With glucocorticoid tapering and continued benralizumab 
treatment, the patient’s absolute eosinophil count remains between 20 and 30 per microliter 4 
months after the initiation of treatment. The level of PR3 antibodies decreased and became 
undetectable after 3 months of treatment. The erythrocyte sedimentation rate and C-reactive 
protein level have normalized after 4 months of treatment. The patient has not had any signs 
or symptoms of cardiac involvement associated with EGPA. His kidney function remains within 
the normal range. He has persistent microscopic hematuria without proteinuria, which is 
thought to be due to nephrolithiasis and is being monitored by a urologist. The patient 
continues to undergo a slow glucocorticoid taper, with a goal of discontinuation of 
glucocorticoid therapy within 6 months after the start of treatment.
Final Diagnosis
Eosinophilic granulomatosis with polyangiitis.



Posterior stroke











Don‘t forget to give minocycline







Intracerebral hemorrhage
Catheter to remove hematoma













No difference





Ultrasound

A. Negative mammogram. 
B. Automated whole breast 
ultrasound. C. Craniocaudal 
mammogram.  D. Handheld 
ultrasound.









Advanced breast cancer
(can the numbers be 
reduced?)

Overall breast cancer





Fibroblast Growth Factor 21 (FGF21) ist ein metabolisches 
Hormon, das hauptsächlich in der Leber produziert wird und den 
Zucker- sowie Fettstoffwechsel reguliert. Es fördert die 
Insulinsensitivität, wirkt gewichtsreduzierend, 
entzündungshemmend und gilt als potenzielles 
„Verjüngungshormon“. FGF21 wird durch Fasten, Sport 
(Krafttraining) und spezielle Ernährungsweisen (weniger tierisches 
Eiweiß) angeregt.

Wichtige Eigenschaften von FGF21:
•Stoffwechselregulation: FGF21 verbessert die 
Glukoseaufnahme, senkt Triglyceride und steigert den 
Energieverbrauch.
•Gesundheitseffekte: Es fördert die Herz-Kreislauf-Gesundheit, 
wirkt der Fettleibigkeit entgegen und schützt vor Diabetes.
•Appetitkontrolle: FGF21 kann das Verlangen nach Süßem und 
Alkohol reduzieren.
•FGF21-Resistenz: Bei adipösen Patienten können trotz erhöhter 
Spiegel im Blut Anzeichen einer Resistenz auftreten, was auf eine 
verringerte Wirkung hindeutet.
•Therapeutisches Potenzial: Aufgrund seiner Fähigkeit, 
Stoffwechselstörungen zu korrigieren, wird FGF21 als Wirkstoff zur 
Behandlung von Adipositas und Typ-2-Diabetes erforscht.







Fibrosis improvement





Hepatic fat fraction

Reduction rate





Skin, vessels, and nerves



You do not have to go to Africa 
to get leprosy

The primary facility for treating leprosy (Hansen’s disease) in the USA is 
the National Hansen's Disease Program (NHDP) Clinical Center in Baton 
Rouge, Louisiana, which serves as the central hub for diagnosis, 
treatment, and research. While the historic Carville Leprosarium (later 
the Gillis W. Long Hansen’s Disease Center) in Louisiana operated for 
over a century, the NHDP now manages a network of outpatient clinics 
nationwide.



















Organoide sind im Labor gezüchtete, winzige, 
dreidimensionale Gewebestrukturen, die echten Organen (wie 
Gehirn, Darm oder Lunge) in Aufbau und Funktion ähneln. Sie 
entstehen aus Stammzellen, organisieren sich selbstständig und 
ermöglichen es Forschern, menschliche Krankheitsentwicklungen, 
Medikamentenwirkungen und Organentwicklung außerhalb des 
Körpers in Echtzeit zu untersuchen.
•Herstellung: Organoide werden aus adulten Stammzellen, 
embryonalen Stammzellen oder induzierten pluripotenten 
Stammzellen (iPS-Zellen) kultiviert.
•Größe: Die Strukturen sind meist nur wenige Millimeter groß, da 
ihnen die Gefäßversorgung fehlt.
•Vorteile:
Sie schließen die Lücke zwischen Tierversuchen und 

menschlicher Physiologie, da sie menschliches Gewebe statt 
tierisches nutzen
.
•Anwendungen:

•Krankheitsforschung: Untersuchung von entzündlichen 
Prozessen oder Krebs (Tumoroide).
•Medikamententests: Testen von Wirkstoffen auf spezifische 
Organstrukturen.
•Regenerative Medizin: Potenzial zur Reparatur von 
geschädigtem Gewebe.



Stem cells can be manipulated to form organoids— three-dimensional 
structures that mimic the vital functions of organs. Organoids are useful 
for research into developmental, physiological, and pathophysiological 
mechanisms, and for improving therapies. The ability to monitor and 
steer organoid maturation in situ, noninvasively, in real time, and over 
months has the potential to transform biomedical research and 
regenerative medicine but poses considerable biotechnological 
challenges. Li et al. report the differentiation of human pluripotent 
stem cells into pancreatic islet micro-organs containing 
microelectrodes. These cyborg pancreatic organoids enable cell-specific 
long-term monitoring of islet cell activities, opening new avenues in 
diabetes research and cell therapy.
Pancreatic islets are complex networks of endocrine cells, including 
glucagon-secreting a cells and insulin-secreting β cells, that raise and 
lower blood glucose concentrations, respectively. The destruction or 
dysfunction of β cells, as well as α-cell dysregulation, are present in 
both type 1 and type 2 diabetes, which are chronic diseases that affect 
10% of people worldwide.



Islet cells use bioelectric signals to transduce nutrient and 
neuro-hormonal inputs into secretion of hormones. These 
electric signals, which are difficult to detect with extracellular 
probes, have different durations and amplitudes compared 
with those of neurons and cardiomyocytes. Ever since 
extracellular electrodes were used to record electrical activity 
in islets isolated from rodents and humans (primary islets), 
substantial progress has been made using planar 
microelectrode arrays  and organic electrochemical transistor 
arrays. These tools have also been used to study islets derived 
from the differentiation of human stem cells in culture.
Li et al. combined measurements of gene expression 
(transcriptomics) at cellular resolution and electrical field 
potentials, in an approach they called electro-sequencing. The 
authors’ flexible bio-nanoelectronic platform enabled gene 
expression profiling and electrical recording at multiple sites at 
the same time in islet organoids. This approach made it 
possible to track islet functional maturation over weeks, 
whereas previous studies were limited to electrical recordings 
at the end of the differentiation protocol. This technology goes 
further than a previous application of the patch-sequencing 
technique that correlated single-cell transcriptomics with the 
electrical properties of islet cells to characterize dysfunction in 
islets obtained from patients with diabetes.

Der Glukose-Sensor



INTRODUCTION: Human pluripotent stem cell–derived 
islets (SC-islets) hold promise for diabetes research and 
therapy but show functionally immature glucose 
responsiveness. Although several strategies promote 
maturation, SC-islets still fall short of the precision and 
dynamics of hormone secretion in primary islets. 
Whether this reflects poor coordination among α and β 
cells or intrinsic heterogeneity is unknown. Progress 
requires tools to decipher how individual cell functions 
specialize and synchronize within intact three-
dimensional (3D) tissue over time.

RATIONALE: Recent advances in flexible, tissue-like 
nanoelectronics enable integration of stretchable 
electrodes into organoids during development, 
allowing long-term, noninvasive, single-cell 
electrophysiology, an opportunity not yet applied to 
SC-islet cells. We therefore integrated tissue-like, 
stretchable electronics into human pluripotent stem 
cell–derived pancreatic organoids to create “cyborg” 
pancreatic organoids, enabling months-long, single 
cell–resolved electrophysiology during pancreatic 
organoid maturation.

RESULTS: Cyborg pancreatic organoids enabled continuous 
recording of single-unit extracellular spiking activity within 
intact pancreatic organoids. Spike sorting isolated and clustered 
spikes to individual cells, allowing simultaneous capturing of 
single SC-α and -β cell electrical activities, distinguished by 
their characteristic responses to glucose. SC-α cells fired more 
rapid action potentials under low versus high glucose, which is 
consistent with glucagon secretion, whereas SC-β cells showed 
the opposite pattern, which is consistent with insulin release. 
Pharmacological perturbations further validated cell type–
specific electrical behaviors. In situ electro-sequencing bridged 
these electrical signatures to transcriptionally defined SC-α and 
-β cells. Longitudinal tracking showed that SC-α and -β cells 
occupy either low or high basal firing electrical states and that 
increased organoid-level hormone responsiveness stems from 
increased electrical activity of SC-α and -β cells adopting both 
low and high basal firing states. Entrainment to daily metabolic 
cycles further demonstrated that circadian hormone secretion 
rhythms reflect synchronized oscillations in both SC-α and -β 
action potential firing rates and waveform profiles. Lastly, 
implanted electrical stimulators enabled electrical stimulation 
that selectively enhanced glucose-stimulated activity in SC-α 
and -β cells.



CONCLUSION: Cyborg pancreatic organoids provide 
a platform for continuous, single cell–resolved 
tracking of α and β cell electrical maturation within 
intact 3D tissue during maturation, uncovering 
mechanisms that enhance glucose responsiveness 
and cellular synchronization. This platform 
potentiates discovery of regulators of SC-islet 
maturation and provides a route toward engineering 
fully functional, tunable human islets, supporting 
future applications in disease modeling, drug 
discovery, and regenerative therapies for diabetes.

Ein Cyborg (ein Kofferwort aus dem Englischen 
für cybernetic organism) ist ein Wesen, das sowohl 
aus biologischen als auch aus künstlichen 
(elektronischen, mechanischen oder robotischen) 
Bestandteilen besteht.

Entrainment bezeichnet allgemein das Mitreißen, Einfangen oder Synchronisieren von Systemen. Es beschreibt, wie ein externer Rhythmus einen internen (biorhythmischen) Prozess 
anpasst, oder wie turbulente Strömungen Umgebungsluft einbeziehen. Der Begriff ist zentral in der Biologie (Synchronisation), Meteorologie (Luftmischung) und Verfahrenstechnik 
(Mitreißen).





Epibatidin ist ein hochgiftiges chlorhaltiges Alkaloid, das 1974 
im Hautdrüsensekret von Baumsteigerfröschen der 
Gattung Epipedobates in Ecuador gefunden und 
dessen bicyclische Struktur 1992 aufgeklärt wurde.
Es ähnelt in seiner Wirkung anderen nikotinergen 
Acetylcholinrezeptor-Agonisten wie 
beispielsweise Nicotin des Tabaks, Anatoxin 
A, einiger Cyanobakterien, Cytisin des Goldregens und Arecolin
der Betelnüsse.Succinylcholine and epibatidine are structurally different 

but share similar pharmacological actions as potent 
agonists of nicotinic acetylcholine receptors. Epibatidine 
is effectively orally absorbed. Determined by LC-MS.


